PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT CXX)PERATION TREATY (PCT) 



WORLD INTCLLECTUAL PROPERTY ORGANIZATION 

International Bureau 



(51) Intcrnatioiial Patent ClassiflcaHon ^ : 
H04Q 7/38 



A2 



(11) Int«rnatIoa*l Publication Number: 



WO 98/48586 



(43) International Publication Date: 29 October 1998 (29.10.98) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/n98/00356 



22 April 1998 (22.04.98) 



(30) Priority Data: 
971712 



22 April 1997 (22.04.97) 



Fl 



(71) Applicant (for all designated States except US): NOKIA 

TELECOMMUNICATIONS OY ^FlfH]\ Keilalahdcntic 4. 
nN-02150 Espoo (FI). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): POSTI, Ham [FI/H]; 
Rantakatu 14 B 17. FIN-90120 Oulu (FI). 

(74) Agent: FATENmTOIMISTO TEKNOPOLIS KOLSTER 
OY; c/o Kolstcr Oy AB. Iso Roobertinkatu 23, P.O. Box 
148, FIN-00121 Helsinki (FI). 



(81) Designated States: AL, AM, AT, AT (UtiUty model), AU. AZ, 
BA, BB, BG. BR. BY, CA, CH, CN, CU, CZ. CZ (UtUity 
model), DE, DE (UtiUty model). DK, DK (UUlity model). 
EE. EE (UtiUty model). ES, FI, Fl (Utility model), GB. GE, 
GH, GM. GW. HU. ID, IL. IS, JP, KE. KG, KP, KR, KZ. 
LC LK, LR. LS, LT. LU. LV. MD. MG. MK, MN. MW, 
MX. NO. NZ, PL, PT. RO, RU. SD, SE. SG. SI. SK. SK 
(UtiUty model), SL, TJ, TM, TK, TT, UA, UG, US, UZ, 
VN. YU. ZW, ARIPO patent (GH, GM. KE, LS. MW. SD. 
SZ, UG. ZW), Eurasian patent (AM. AZ. BY, KG, KZ. MD, 
RU, TJ, TM). European patent (AT. BE, CH, CY, DE, DK, 
ES. FI. FR, GB. GR, IE, FT. LU. MC, NL, PT. SE), OAPI 
patent (BF, BJ. CF, CG, CI, CM, GA. GN, ML. MR. NE. 
SN. TD. TG), 



Published 

In English translation (filed in Finnish). 

Without international search report and to be republished 

upon receipt of that report 



(54) Tide: CHANNEL SELECTION METHOD IN GSM/DCS-BASED CELLULAR RADIO NETWORK 



toa-v 
I ^\ 





112 



BSC | - 



use l- 



118 



pam 



(57) Abstract 

The invention relates to a selection of a physical channel in a GSM/DCS-based cellular radio network. More specifically, the 
invention relates to a selection of a fixed physical control channel and to a selection of a physical traffic channel. The base station (100) 
comprises a list of physical channels allowed for said base station (100). In the method, interference levels of allowed physical channels 
are measured and the physical channeb to be used for a radio link (108) axe selected on the basis of tiie measured interference Level. The 
base station (100) selects from tiie allowed physical channels it has measured tiiose channels which have the lowest interference level as 
fixed physical control channels. Depending on the situation, the subscriber tenninal (104) and possibly the base station (i(X)) select the 
physical traffic channels. A physical channel located at a distance of a fixed frequency spacing from the selected physical traffic channel 
downlink is selected as a physical traffic channel uplink. Or the frequency spacing between the selected physical traffic channels between 
downlink and uplink is of random size. 
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Channel selection method in GSM/DCS-based cellular radio 

NETWORK 

background of THE INVENTION 

The invention relates to the selection of a physical channel in a 
5 GSM/DCS-based cellular radio network. More specifically, the invention re- 
lates to the selection of a fixed physical control channel and to the selection of 
a physical traffic channel, 

FIELD OF THE INVENTION 

10 The limited amount of radio spectrum available for the development 

of cellular radio networks is one of the key problems. Attempts are made to 
minimize the interference caused by a co-channel signal and an adjacent- 
channel signal by planning the use of radio frequencies carefully. The cover- 
age areas of a base station, i.e. cells, are usually modelled as hexagonal ar- 

15 eas. The hexagons are positioned to overlap each other. The frequencies are 
divided into separate cells in accordance with complicated models of different 
kinds, the purpose being to minimize the interference occurring in radio con- 
nections, which maximizes the network capacity. In this connection, the con- 
cept 'frequency reuse factor* turns up. In principle, the lower the reuse factor 

20 is, the more efficiently the frequency range is utilized. On the other hand, the 
same or adjacent frequencies in a reuse pattern of a cell cannot be too close 
to each other, because too much interference then occurs in the system. 

In GSM/DCS-based cellular radio networks, frequency planning is 
performed manually. The most efficient manner of utilizing the frequency band 

25 available to the network operator is then planned. Frequency planning is pre- 
liminarily performed at the planning of the network. At commissioning, the re- 
sults from the frequency planning have to be checked for instance by base 
station coverage measurements to be performed in the terrain. This is due to 
the fact that theoretical modelling of the propagation of radio waves is so diffi- 

30 cult that fully reliable frequency plans cannot be provided by theoretical calcu- 
lation and planning only. In particular, reflections caused by different terrain 
forms and buildings to a radio signal make it difficult to plan the coverage of a 
cell. Upon commissioning the network, frequency planning and measurements 
have to be performed for an expansion of the coverage area of the network or 

35 for an increase of the capacity of the network. 
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Though manual network planning and associated measurements 
are expensive, they have been economically possible up till now, because of 
the relatively low user penetration of cellular radio networks in densely popu- 
lated countries and cities. 

5 As the use of mobile phones and other subscriber terminals be- 

comes more common, the capacity of the networks has to be increased con- 
tinuously. This causes high costs in the form of frequency planning and meas- 
urements of different kinds. 

For increasing the capacity, microcells and picocells have to be in- 
0 troduced. Frequency planning increases and becomes more difficult than pre- 
viously. In office buildings especially, a problem will be that building materials 
of different kinds cause interference to the propagation of radio waves. Novel 
methods are developed for the frequency planning of such problematic ob- 
jects. However, extensive measurements are also required in order to secure 
5 the working capability of the system. On the other hand, too high frequency 
reuse factors cause costs in the form of lost capacity. 

It may be stated as a conclusion that the present GSM/DCS-based 
cellular radio networks require careful firequency planning causing rather high 
costs, to secure the working capability of the system. 



BRIEF DESCRIPTION OF THE INVENTION 

An object of the present invention is to implement a method by 
which the above-mentioned problems are avoided. 

This is achieved by a method of performing a selection of a physical 
channel in a GSM/DCS-based cellular radio network, which cellular radio net- 
work comprises at least one base station and at least one subscriber terminal 
connected to the base station by a two-way radio link, the two-way radio link 
being constituted by at least one fixed physical control channel downlink and 
at least one fixed physical control channel uplink, and by at least one physical 
traffic channel downlink and at least one physical traffic channel uplink, and 
logical channels being positioned on said physical channels, and the base sta- 
tion comprising a list of physical channels allowed for said base station, and in 
which method interference levels of the allowed physical channels are mea- 
sured and the physical channels to be used for the radio link are selected on 
the basis of the measured interference level. 
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A first method is according to the invention characterized in that the 
base station selects from the allowed physical channels it has measured those 
channels which have the lowest interference level as fixed physical control 
channels. 

5 A second method is according to the invention characterized in that 

a physical channel located at a distance of a fixed frequency spacing from the 
selected physical traffic channel downlink is selected as a physical traffic 
channel uplink. 

A third method is according to the invention characterized in that 

10 the frequency spacing between the physical traffic channel downlink and the 
physical traffic channel uplink used for the radio link is of random size. 

Another object of the invention is a system for performing a selec- 
tion of a physical channel in a GSM/DCS-based cellular radio system, which 
cellular radio network comprises at least one base station and at least one 

15 subscriber terminal connected to the base station by a two-way radio link, the 
two-way radio link being constituted by at least one fixed physical control 
channel downlink and at least one fixed physical control channel uplink, and 
by at least one physical traffic channel downlink and at least one physical traf- 
fic channel uplink, and logical channels being positioned on said physical 

20 channels, and the base station being arranged to maintain a list of physical 
channels allowed for said base station, and the base station and/or subscriber 
terminal being arranged to measure interference levels of the allowed physical 
channels and the base station being arranged to select the physical channels 
to be used for the radio link on the basis of the measured interference level. 

25 A first system is according to the invention characterized in that the 

base station is arranged to select from the allowed physical channels it has 
measured those channels which have the lowest interference level as fixed 
physical control channels. 

A second system is according to the invention characterized in that 

30 the base station is arranged to select a physical channel located at a distance 
of a fixed frequency spacing from the selected physical traffic channel down- 
link as a physical traffic channel uplink. 

A third system is according to the invention characterized in that the 
frequency spacing between the physical traffic channel downlink and the 

35 physical traffic channel uplink to be used for the radio link is of random size. 
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Many great advantages are achieved by the nnethod of the inven- 
tion. A very great advantage is that frequency planning is avoided entirely. An- 
other great advantage is achieved by the fact that the network capacity in- 
creases by efficient reuse of frequencies accomplished by effective channel 
5 selection. The network capacity also increases because a cost-effective intro- 
duction of microcells and picocells is possible. The invention enables an im- 
plennentation of GSM/DCS-based office systems, of which the market has 
great expectations. 

The system of the invention has the same advantages as the 
10 method described above. It is obvious that preferred embodiments and de- 
tailed embodiments can be joined to combinations of different kinds to provide 
a desired technical effect. 



BRIEF DESCRIPTION OF THE FIGURES 

1 5 The invention will be described in the following with reference to the 

examples of the attached drawings, where 

Figure 1 shows a cellular radio network. 

Figure 2 shows physical channels of a radio link and logical chan- 
nels to be moved on the physical channels, 
20 Figure 3 is a block diagram illustrating an example of the structure 

of a base station and a base station controller, 

Figure 4 is a block diagram illustrating an example of the structure 
of a subscriber terminal. 



25 DETAILED DESCRIPTION OF THE INVENTION 

The present invention is applicable to all GSM/DCS-based cellular 
radio networks. GSM/DCS-based cellular radio networks signify a Pan- 
European GSM system in ail different phases of development, i.e. phases 1, 2 
and 2+, DCS 1800 and DCS 1900 systems developed on the basis of the 
30 GSM system, and various projects for further development of said systems 
and new projects of development based on those, e.g. a UMTS system under 
development, if it is even partly based on the GSM system. In this application, 
the GSM system Is used as an example, but the invention is not restricted to 
that, however. 
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Figure 1 shows an example of the structure of a cellular radio net- 
work according to the invention. Base stations 100. 102 have a hexagonal 
coverage area. i.e. a cell. The base stations 100, 102 are possibly connected 
to a base station controller 114 over a connecting line 112. The task of the 
5 base station controller 114 is to control the operation of several base stations 
100, 102. Normally, there is a connection from the base station controller 114 
to a mobile telephone exchange 116, from where there is a further connection 
to a public switched telephone network 118. In office systems, the operations 
of the base station 100. the base station controller 114 and even the mobile 

10 telephone exchange 116 can be joined in one device, which is then connected 
to the public switched telephone network 118, for instance to a telephone ex- 
change of the public switched telephone network 118. Subscriber terminals 
104. 106 in a cell have a two-way radio link 108. 1 10 to the base station 100 of 
the cell. Additionally, the network part, i.e. the fixed part of the cellular radio 

15 network, may comprise more base stations, base station controllers, transmis- 
sion systems and network management systems on different levels. It is obvi- 
ous to one skilled in the art that a cellular radio network contains many other 
structures as well, which do not need any further description here. 

A two-way radio link 108 is implemented by using physical chan- 

20 nels. A physical channel is for instance in GSM one time slot of a 200 kHz fre- 
quency band. Figure 2 shows the channels required for the radio link 108 in a 
simplified manner. The vertical axis illustrates the frequency range of the GSM 
system, a base station 100 is shown to the left in the figure and a subscriber 
terminal 104 to the right. A lower frequency band 212 is used uplink, i.e. uplink 

25 from the subscriber terminal 104 to the base station 100. In GSM. the lower 
frequency band 212 comprises a frequency range between 890 and 915 MHz. 
An upper frequency band 210 is used downlink, i.e. downlink from the base 
station 100 to the subscriber terminal 104. The network operator disposes of a 
predetermined part of the frequency bands only, for instance a frequency band 

30 of 5 MHz. divided into 200 kHz carriers, each of them normally comprising 
eight time slots. In this description, time slots are called physical channels. At 
speech transmission, for instance, two physical channels are normally used as 
traffic channels: one downlink channel 202 and one uplink channel 206. Upon 
new standards being completed in 1997 to 1998, several physical channels 

35 can be used simultaneously for data transmission or for transmitting moving 
video picture, for instance. 
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As appears from Figure 2. a logical Traffic Channel TCH is posi- 
tioned on the uplink and downlink physical traffic channels 202. 206. The logi- 
cal traffic channel TCH can be entirely or partly replaced by a Fast Associated 
Control Channel FACCH relating to the traffic channel, if necessary. Moreover, 
5 establishment of a connection and signalling during the connection require 
separate fixed physical control channels, both a fixed physical control channel 
200 downlink and a fixed physical control channel 202 uplink. 'Fixed' refers 
here to the fact that a fixed control channel is always sent at the same fre- 
quency and in the same time slot and that the fixed control channel is not 

10 committed to any Individual call (as in DECT, for example). The physical con- 
trol channels downlink are Broadcast Control Channel BCCH. Frequency Cor- 
rection Channel FCCH, Synchronization Channel SCH, Paging Channel PCH. 
Access Grant Channel AGCH, Standalone Dedicated Control Channel 
SDCCH and Slow Associated Control Channel SACCH. The physical control 

15 channels uplink are Random Access Channel RACH. Standalone Dedicated 
Control Channel SDCCH and Slow Associated Control Channel SACCH. Fur- 
ther information on the structure and purpose of these channels is available 
from the GSM specifications and from the book "An introduction to GSM". S.M. 
Redl, M.K. Weber. M.W. Oliphant. Artech House. London, 1995, ISBN 

20 0-89006-785-6. 

The base station 100 maintains a list of physical channels allowed 
for it. At commissioning of the network, the base station 100 is provided with a 
list of the physical channels the base station 100 may use for traffic. Later on, 
when the network is in use already, the network operator changes the list of 

25 the allowed channels by means of a network management system, if he de- 
sires to do so. or some network element, for instance a base station controller 
114, reorganizes automatically the lists of the frequencies allowed for the base 
stations 100, 102 managed by it, but yet in such a way that the scope of the 
frequencies allowed for the part of the network managed by the network or 

30 said base station controller 1 14 is maintained. The list of the allowed physical 
channels may comprise the whole frequency range allocated to the operator, 
or altematively, only part of it. In the first case, the whole network operates dy- 
namically, and consequently, each base station disposes of all physical chan- 
nels available to the operator, the best ones of which are selected to be used 

35 in each particular situation. According to the other alternative, each base sta- 
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tion has a small part of the operator's whole frequency range at its disposal. 
The use of frequencies has thereby generally been planned on a rough level. 

The base station 100 and/or the subscriber terminal 104 checks the 
list of the allowed channels and measures the interference level of each physi- 
5 cal channel. This measurement is repeated randomly or periodically. The 
measurer maintains a list of its channels. The list may be implemented in 
many different ways, for instance such that the channels are divided into dif- 
ferent classes, e.g. into channels in use, interference-free and possible chan- 
nels. Another manner of implementing the list is to arrange the physical chan- 

10 nels in order such that the first channel on the list contains little or no interfer- 
ence, and the last channel on the list contains most interference or is in use. 
The other channels on the list are between these extremities, arranged ac- 
cording to a rising interference level. 

The base station 100 and/or the subscriber terminal 104 selects the 

15 physical channels to be used for a radio link according to measured interfer- 
ence level. The base station 100 selects from the allowed physical channels it 
has measured those channels which have the lowest interference level as 
fixed physical control channels 200, 204. Then the base station 100 sends 
logical control channels on at least one low-interference physical channel 200 

20 it has selected. Accordingly, the base station 100 uses low-interference physi- 
cal channels when transmitting for instance control channels important for the 
establishment of a connection. The quality of the service received by the user 
improves, because the subscriber terminal 104 is able to establish a connec- 
tion 108 to the base station 100 more reliably. Correspondingly, the subscriber 

25 -terminal 104 uses low-interference physical control channels 204 selected by 
the base station 100. The fixed physical control channels are typically selected 
at the commissioning of the base station or when the network topology 
changes. 

The base station 100 possibly signals the physical channels it has 
30 selected to the base station controller 114. Then the base station controller 
114 informs the neighbouring base stations 102 of said base station 100 of 
which physical channels said base station 100 uses. 

The base station 100 may detect training sequences contained in a 
transmission unit, i.e. a burst, to be used for transmitting a physical channel 
35 and select for its use at least one training sequence not used by the neigh- 
bouring base stations 102 and signal it to the base station controller 114. A 
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training sequence is a bit sequence, which is known both by the base station 
100 and the subscriber temninal 104 and which helps receivers to be synchro- 
nized with a burst received. 

At the establishment of a two-way radio link, part of the signalling to 
5 be performed normally on separate physical control channels 200, 204 can be 
moved to be performed on the physical traffic channel 202, 206 already se- 
lected. Then the capacity of the SDCCH channel is saved such that, at the 
establishment of a radio link 108, a handover takes place from the RACH 
channel directly to the selected traffic channel 202. 206. The signalling needed 

10 for the establishment of the link 108 is then performed on the traffic channel 
202. 206. No physical SDCCH channel is needed at all. but the FACCH chan- 
nel relating to the traffic channel 202, 206 of the link is used for signalling. The 
coverage of the traffic channel 202, 206 can be estimated better than that of 
the control channels 200, 204, because the link has only two parties on the 

15 traffic channel, while several different subscriber terminals 104, 106 may use 
the same control channels. 

The subscriber temninal 104 selects from the allowed physical 
channels it has measured that channel which has the lowest interference level 
as the physical channel downlink 202. Accordingly, the subscriber terminal 

20 104 measures interference levels of physical channels at allowed frequencies, 
in system information, the subscriber terminal 104 has received from the base 
station 100 an information on which are the allowed channels from among 
which the subscriber terminal may select its traffic channels. The subscriber 
terminal 104 maintains a list of its channels. The list is for instance similar to 

25 the list described above and maintained by the base station 100. 

At the selection of the physical traffic channel uplink 206, there are 
two alternatives. The physical traffic channel downlink 202 and the physical 
traffic channel uplink 206 to be used for the radio link 108 may be selected 
separately, if the frequency spacing between them is of random size. This 

30 means that for instance a fixed duplex spacing of 45 MHz used in GSM stan- 
dard is not necessarily valid, but both the downlink and the uplink traffic chan- 
nel are selected in such a way that the interference is as low as possible. Ei- 
ther the subscriber terminal 104 or the base station 100 then selects from the 
allowed physical channels measured by the base station 100 that channel 

35 which has the lowest interference level. 
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If a fixed duplex spacing is used, a physical channel located at a 
distance of a fixed frequency spacing from the selected physical channel 
downlink is selected as the physical channel uplink. 

A selection of traffic channel 202. 206 comes into question at the 
5 establishment of a link 108. but also at a handover A handover may be an in- 
tra-cell handover. I.e. a handover from a physical channel to another one in- 
side a cell, owing to an excessive deterioration of the quality of said channel 
on account of increased Interference, for example. An Inter-cell handover is 
also possible, which means that the link 108 is handed over from one base 
10 station 100 to another base station 102. 

The subscriber terminal utilizes the system information spread by 
the base station 100 while selecting a traffic channel 202, 206.. The system 
information spread by the base station 100 means an information the base 
station 100 spreads on some logical control channel by a transmission of 
15 broadcast type. The system information may vary, depending on the imple- 
mentation. 

The system Information contains a list of allowed channels. In this 
connection, the list of allowed channels is intended for being used by the sub- 
scriber terminal 104, 106 in order that the terminal may select its traffic chan- 

20 nel 202, 206 in the above manner. 

The system information may contain the type of each neighbouring 
base station 102. The subscriber terminal 104 being informed of the type of 
the neighbouring base stations 102, for instance GSM phase 1, GSM/DCS 
phase 2, DS (= Dynamic Selection), helps the subscriber terminal 104 to plan 

25 its operation. While performing a possible handover to said neighbouring base 
station 102, the subscriber tenminal 104 knows whether the procedures de- 
scribed in this invention are used there. This makes it possible to build net- 
works comprising both base stations according to the prior art and base sta- 
tions described In this invention mixed together. 

30 The system information may contain a list of channels allowed for 

each neighbouring base station 102. On said channels, the subscriber terminal 
104 performs measurements of the radio field it has received and possibly 
also interference measurements, being thus prepared for a possible handover. 
The system information may contain the identification data of the physical 

35 channel including the BCCH channel of each neighbouring base station, for 
instance the frequency and also the time slot in case of synchronic cellular ra- 
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d.o network. Now. the subscriber terminal 104 does not need to measure all 
the channels disposed by the neighbouring base station 102. but the sub- 
scnber terminal 104 measures the radio field it has received only on physical 
channels including the BCCH channel. 
5 The system Information may contain information on the interference 

levels of the physical traffic channels uplink. In this way. the subscriber termi- 
nan 04 finds out how the coverages of said channels are towards the base 
station 100. the subscriber temiinal 104 utilizes this infomiation when selecting 
Its traffic channels in the above manner. 

10 The system infomiation may contain a list of allocated physical 

channels. The subscriber terminal 104 is thus informed of which channels are 
allocated already. No interference measurements of these channels are nec- 
essary any longer, but the subscriber terminal 104 marks them as allocated 

The system infomiation may contain a quality threshold for channel 
selection. Quality threshold for channel selection signifies that limit of the in- 
terference level below which a channel is at disposal and above which a 
channel includes too much interference for a reliable traffic. 

The system infomiation may contain a quality threshold for an intra- 
cell handover. This threshold signifies that limit of the interference level of a 
radio l,nk above which the subscriber temiinal 104 requests the base station 
100 to move over to another channel having a better coverage. The system 
information may also contain a margin for an inter-cell handover 

When the subscriber terminal 104 is active and uses discontinuous 
TnTZoT- " measurements of the neighbouring base sta- 

tions 102 dunng a break in its transmission, in order to discover the need of a 
possible inter-cell handover. 

At frequency hopping, the subscriber temiinal 104 selects the 
Physical Channels to be used for a frequency hopping sequence. In this way 
the method of the invention also functions in a GSM/DCS-based cellular radio 
30 networi^ using frequency hopping. 

When the subscriber terminal 104 selects the traffic channels it 
may request the base station for an acceptance of the physical traffic channel 
has proposed. The subscriber terminal 104 then signals on the RACH chan- 
nel to the base station 100 the identification data of the at least one physical 

Chan" tH? " ^'^"^'^ °- -'-ted Phys." a 

Channel with low interference level it wishes to use as a traffic channel This 
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may take place at the establishment of a connection, both when a mobile- 
originated call and a mobile-tenninated call are concerned. This may also take 
place during a call, whereby the signalling associated with a hand-over is per- 
formed on the FACCH channel relating to an old traffic channel. The base sta- 
5 tion 100 signals on an AGCH channel, whether it accepts the at least one traf- 
fic channel proposed by the subscriber terminal 104. In the manner described 
previously, the subscriber terminal 104 may move to start trafficking on the 
proposed at least one traffic channel immediately after the subscriber terminal 
104 has received an acceptance of the proposed at least one traffic channel 

10 from the base station. The signalling associated with the establishment of a 
connection is then performed on the traffic channel. It is also possible that the 
signalling associated with the establishment of a connection is performed in a 
normal manner described in GSM standard, and not until then, the use of the 
proposed traffic channel begins. 

15 When the base station 100 rejects the traffic channel proposed by 

the subscriber terminal 104, the subscriber terminal 104 proposes some other 
at least one traffic channel. The base station 100 may reject the traffic channel 
proposed by the subscriber terminal 104, if the quality of said channel is not 
good enough for trafficking from the viewpoint of the base station. The base 

20 station 100 may reject the traffic channel proposed by the subscriber terminal 
104 only a predetermined number of times. However, because the base sta- 
tion has more processing capacity for postprocessing of a signal and better 
antennas, the channel selection is optimized for the subscriber terminal 104 in 
disadvantageous conditions. The channel selection can also be considered 

25 unsuccessful, in which case it has to be performed once more. 

Let us examine Figure 3 showing the structure of a base station 100 
and a base station controller 114 in more detail. A base station controller 114 
is connected to the base station 100. The base station controller 114 is con- 
nected to a mobile telephone exchange 116. The base station controller 114, 

30 the base station 100 and the mobile telephone exchange 116 generally are 
separate devices. In addition, systems are known in which the operations of 
the base station 100 and the base station controller 114 are joined in a sin- 
gle device. Operations of the mobile telephone exchange 116 can also be 
joined in that single device. 



wo 98/48586 

PCT/FI98/003S6 



12 



10 



15 



Tasks of a mobile telephone exchange 1 1 6 are for instance- imple- 
mentation of a switching network, control of establishment and release of con- 
nections, collecting invoicing data and control of echo cancelling devices 

The base station controller 114 monitors and controls a number of 
base stations 100. There is typically one base station controller 114 for some 
dozens or hundreds of base stations 100. A base station controller 114 com- 
prises a group switching network 302. a transcoder 304 and a control unit 306 
The group switching network 302 is used for switching speech and data and 
for connecting signalling circuits. The transcoder 304 converts different digital 
speech coding modes to be used between the public telephone network and 
the mobile telephone network to make them compatible with each other The 
control unit 306 performs call control, mobility management, collecting statisti- 
cal data and signalling. 

The base station 100 typically comprises one to sixteen transceiv- 
ers, each one of them representing eight physical channels in GSM The base 
station 100 comprises a frame unit 312, a frequency-hopping unit 314 a ear- 
ner unit 316. an antenna 318 and a control and maintenance unit 324 Down- 
link in the frame unit 312. channel coding, channel Interleaving, data encryp- 
tion and burst formation are performed. Uplink in the frame unit 312 digital 
demodulation, data decryption, channel de-interleaving and channel decoding 
are performed. In the frequency-hopping unit 314. frequency hopping of a 
baseband wave is performed. The carrier unit 31 6 comprises a transceiver 320 
and a receiver 322. A modulation (for instance GMSK modulation) and power 
amplification of a signal to be transmitted are performed in the transmitter 320 
of the earner unit 316. An A/D conversion and Received Signal Strength Indi- 
cation (RSSI) measurements of a received signal are performed in the receiver 
322 of the earner unit 316. The control and maintenance unit 324 controls and 
monitors the operation of the other units of the base station 310. The base 
station 100 generally comprises several frame units 312 and correspondino 
30 carrier units 316. 

The base station 100 is arranged to maintain a list of allowed physi- 
cal channels. In addition, the base station 100 is arranged to measure the in- 
terference levels of the allowed physical channels. The base station 100 is 
also an-anged to select the physical channels to be used for a radio link on the 
35 basis of the measured interference level. 
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The simplest way of implementing the invention is to convert the 
steps of the method of the invention to be performed as a software. Then the 
software can be positioned for instance in the memory of a processor included 
in the control and maintenance part 324 of the base station 100. The control 
5 part 324 then controls the receiver 320 to measure interference levels of 
channels and controls the frame unit 312 and the transmitter 322 in order that 
the logical control channels may be sent on some physical channel. On the 
other hand, the application may also be implemented by ASIC circuits or by a 
separate logic constituted by separate HW parts. 

10 Let us examine Figure 4 showing the structure of a possible sub- 

scriber terminal 104 in a simplified manner. The subscriber terminal 104 com- 
prises a user part 400. a radio part 420, a control unit 450 and an antenna 
470. The task of the user part 400 is to operate as a user interface of the sub- 
scriber terminal 104. The task of the radio part 420 is to convert a signal to be 

15 transmitted compatible with the radio link 108, and respectively, to convert a 
received signal to be understood by the user. The tasks of the antenna 470 
are to receive a signal from the radio link 108 and to send a signal to the radio 
link 108. The user part 400 comprises a loudspeaker 402, a display 404, a 
keyboard 406 and a microphone 408. The radio part 420 comprises a receiver 

20 430, a transmitter 440, a control unit 450 and a duplex filter 460. The receiver 
430 comprises a demodulator 432, a decryptor 434. a channel decoder 436 
and a source decoder 438. The transmitter comprises a source coder 442. a 
cryptor 444, a channel coder 446 and a modulator 448. 

A signal is received by the antenna 470. from which it is brought via 

25 the duplex filter 460 to the receiver 430. Initially, the signal is demodulated in 
the demodulator 432. Then the encryption is decrypted by the decryptor 434. 
Subsequently, the signal is decoded in the channel decoder 436. Finally, the 
received information is converted to a presentable form by the source decoder 
438, then the speech information is brought to the loudspeaker 402 and the 

30 signalling sent from the base station 100 is processed in the control unit 450. 
When the information to be sent comes from the microphone 408 and the 
control unit 450 to the transmitter 440, the speech information is digitized, and 
subsequently, code words are created in the source coder 442 from the digit- 
ized speech information and signalling. Then the information to be sent is 

35 coded in the channel coder 444. after which an encryption takes place in the 
cryptor 446. The information is then modulated in the modulator 448. Finally. 
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the information to be sent is brought via the duplex filter 460 to the antenna 
470. It is essential for the invention that the control unit 450 controls the units 
to which it is connected in the figure. 

The subscriber terminals 104 of a cellular radio network according 
5 to the invention comprise modifications of normal structures as follows: the 
subscriber terminal 104 is arranged to measure the interference levels of the 
allowed physical channels. The measurement is performed according to prior 
art technique in such a way that the control unit 450 controls the receiver 430 
to change its frequency and to measure the interference level of each allowed 
10 channel. Further, the subscriber terminal 104 is arranged to select the physical 
channels to be used for a radio link on the basis of the measured interference 
level. 

For the simplest implementation of the invention, the control unit 
450 requires a software, which, besides the normal operations, is capable of 
15 interpreting modulated signalling received from the base station 410, capable 
of transmitting signalling and capable of performing measurements of interfer- 
ence level as described above. The above operations can also be imple- 
mented for instance by ASIC circuits or by a separate logic constituted by HW 
parts. 

20 Though the invention has above been described with reference to 

an example according to the attached drawings, it is obvious that the invention 
is not restricted to that, but it can be modified in many ways within the scope of 
the inventive idea set forth in the attached claims. 
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CLAIMS 



1 . A method of selecting a physical channel in a GSM/DCS-based 
cellular radio network, which cellular radio network comprises at least one 

5 base station (100) and at least one subscriber terminal (104) connected to the 
base station (100) by a two-way radio link (108). the two-way radio link (108) 
being constituted by at least one fixed physical control channel downlink and 
at least one fixed physical control channel uplink, and by at least one physical 
traffic channel downlink and at least one physical traffic channel uplink, and 

10 logical channels being positioned on said physical channels, and the base sta- 
tion (100) comprising a list of physical channels allowed for said base station 
(100), and in which method interference levels of the allowed physical chan- 
nels are measured and the physical channels to be used for the radio link 
(108) are selected on the basis of the measured interference level, c h a r - 

15 acterizedin that the base station (100) selects from the allowed physical 
channels it has measured those channels which have the lowest interference 
level as fixed physical control channels. 

2. A method according to claim 1, characterized in that 
the fixed physical control channel is selected at commissioning of the base 

20 station (1 00). or when the topology of the network changes. 

3. A method according to claim 1, characterized in that 
the list of allowed physical channels comprises the entire frequency range al- 
located to the operator. 

4. A method according to claim 1, characterized in that- 
25 the list of allowed physical channels comprises part of the frequency range al- 
located to the operator. 

5. A method according to claim 1, characterized in that 
the base station (100) detects training sequences and selects for its use at 
least one training sequence not used by neighbouring base stations (102) and 

30 signals it to a base station controller (1 14). 

6. A method of selecting a physical channel in a GSM/DCS-based 
cellular radio network, which cellular radio network comprises at least one 
base station (100) and at least one subscriber terminal (104) connected to the 
base station (100) by a two-way radio link (108), the two-way radio link (108) 

35 being constituted by at least one fixed physical control channel downlink and 
at least one fixed physical control channel uplink, and by at least one physical 
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traffic channel downlink and at least one physical traffic channel uplink, and 
logical channels being positioned on said physical channels, and the base sta- 
tion (100) comprising a list of physical channels allowed for said base station 
(100), and in which method interference levels of the allowed physical chan- 
5 nels are measured and the physical channels to be used for the radio link 
(108) are selected on the basis of the measured interference level, char- 
acterized in that a physical channel located at a distance of a fixed fre- 
quency spacing from the selected physical traffic channel downlink is selected 
as a physical traffic channel uplink. 

10 7. A method of selecting a physical channel in a GSM/DCS-based 

cellular radio network, which cellular radio network comprises at least one 
base station (100) and at least one subscriber terminal (104) connected to the 
base station (100) by a two-way radio link (108), the two-way radio link (108) 
being constituted by at least one fixed physical control channel downlink and 

15 at least one fixed physical control channel uplink, and by at least one physical 
traffic channel downlink and at least one physical traffic channel uplink, and 
logical channels being positioned on said physical channels, and the base sta- 
tion (100) comprising a list of physical channels allowed for said base station 
(100). and in which method interference levels of the allowed physical chan- 

20 nels are measured and the physical channels to be used for the radio link 
(108) are selected on the basis of the measured interference level, c h a r - 
actteriscd in that the frequency spacing between the physical traffic 
channel downlink and the physical traffic channel uplink used for the radio link 
is of random size. 

25 8. A method according to claim 6 or 7. charaictterized in 

that the selection of the physical traffic channel is made at the establishment 
of a call. 

9. A method according to claim 6 or 7, characterized in 
that the selection of the physical traffic channel is made at an intra-cell hand- 

30 over. 

10. A method according to claim 6 or 7. characterized in 
that the selection of the physical traffic channel is made at an inter-cell hand- 
over. 

1 1 . A method according to claim 6 or 7, characterized in 
35 that system information spread by the base station (100) is utilized for the se- 
lection. 
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12. A method according to claim 11. characterized in that 
the system infomiation comprises a list of allowed channels. 

13. A method according to claim 11, characterized in that 
the system information comprises the type of each neighbouring base station 

5 (102). 

14. A method according to claim 11. characterized in that 
the system information comprises a list of channels allowed for each neigh- 
txjuring base station (102). 

15. A method according to claim 11, characterized in that 
10 the system information comprises information on interference levels of the 

physical channels uplink. 

16. A method according to claim 11, characterized in that 
the system information comprises a list of allocated physical channels. 

17. A method according to claim 11, characterized in that 
15 the system information comprises a quality threshold for channel selection. 

18. A method according to claim 11, characterized in that 
the system information comprises a quality threshold for an intra-cell hand- 
over, 

19. A method according to claim 11, characterized in that 
20 the system information comprises a quality threshold for an inter-cell hand- 
over. 

20. A method according to claim 6 or 7, characterized in 
that when the subscriber terminal (104) is active and uses discontinuous 
transmission, the subscriber terminal (104) performs measurements of neigh- 

25 bouring base stations (102) during a break in its transmission, the purpose 
being to discover the need of a possible inter-cell handover. 

21 . A method according to claim 6 or 7, characterized in 
that when frequency hopping is used, the subscriber terminal (104) selects the 
physical channels to be used in a frequency hopping sequence. 

30 22. A method according to claim 6 or 7. characterized in 

that the subscriber terminal (104) requests the base station (100) for an ac- 
ceptance of the physical traffic channel it has proposed. 

23. A method according to claim 22, characterized in that 
the subscriber terminal (104) signals identification data of the at least one 

35 physical channel it has selected on the RACH channel to the base station 
(100) and the base station (100) signals on the AGCH channel whether it ac- 
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cepts the at least one traffic channel proposed by the subscriber terminal 
(104). 

24. A method according to claim 23, characterized in that 
upon the base station (100) rejecting the traffic channel proposed by the 
subsccriber terminal (104). the subscriber terminal (104) proposes another at 
least one traffic channel. 

25. A method according to claim 24, characterized in that 
the base station (100) may reject the traffic channel proposed by the sub- 
scriber tenninal (104) only a predetermined number of times. 

26. A system for perfomiing a selection of a physical channel in a 
GSM/DCS-based cellular radio system, which cellular radio network comprises 
at least one base station (100) and at least one subscriber terminal (104) con- 
nected to the base station (100) by a two-way radio link (108), the two-way ra- 
dio link (108) being constituted by at least one fixed physical control channel 
downlink and at least one fixed physical control channel uplink, and by at least 
one physical traffic channel downlink and at least one physical traffic channel 
uplink, and logical channels being positioned on said physical channels, and 
the base station (100) being arranged to maintain a list of physical channels 
allowed for said base station (100). and the base station (100) and/or sub- 

20 scriber terminal (104) being arranged to measure interference levels of the al- 
lowed physical channels and the base station (100) being arranged to select 
the physical channels to be used for the radio link (108) on the basis of the 
measured interference level, characterized in that base station (100) 
is arranged to select from the allowed physical channels it has measured 
those channels which have the lowest interference level as fixed physical con- 
trol channels. 

27. A system for selecting a physical channel in a GSM/DCS-based 
cellular radio system, which cellular radio networi< comprises at least one base 
station (100) and at least one subscriber terminal (104) connected to the base 
station (100) by a two-way radio link (108), the two-way radio link (108) being 
constituted by at least one fixed physical control channel downlink and at least 
one fixed physical control channel uplink, and by at least one physical traffic 
channel downlink and at least one physical traffic channel uplink, and logical 
channels being positioned on said physical channels, and the base station 
(100) being arranged to maintain a list of physical channels allowed for said 
base station (100). and the base station (100) and/or subscriber terminal (104) 
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being arranged to measure the interference levels of the allowed physical 
channels and the base station (100) being arranged to select the physical 
channels to be used for the radio link (108) on the basis of the measured in- 
terference level, characterized in that the base station (100) is ar- 
5 ranged to select a physical channel located at a distance of a fixed frequency 
spacing from the selected physical traffic channel downlink as a physical traf- 
fic channel uplink. 

28. A system for selecting a physical channel in a GSM/DCS-based 
cellular radio system, which cellular radio network comprises at least one base 

10 station (100) and at least one subscriber terminal (104) connected to the base 
station (100) by a two-way radio link (108). the two-way radio link (108) being 
constituted by at least one fixed physical control channel downlink and at least 
one fixed physical control channel uplink, and by at least one physical traffic 
channel downlink and at least one physical traffic channel uplink, and logical 

15 channels being positioned on said physical channels, and the base station 
(100) being anranged to maintain a list of physical channels allowed for said 
base station (100), and the base station (100) and/or subscriber tenninal (104) 
being arranged to measure the interference levels of the allowed physical 
channels and the base station (100) being arranged to select the physical 

20 channels to be used for the radio link (108) on the basis of the measured in- 
terference level, characterized in that the frequency spacing be- 
tween the physical traffic channel downlink and the physical traffic channel 
uplink to be used for the radio link (108) is of random size. 
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